Background: Depression and erectile dysfunction (ED) have a complex and bi-directional relationship. We examined the relationships between erectile dysfunction and depressive symptoms or diagnosed depression, sexual activity and sexual satisfaction.
Introduction
Depression and sexual dysfunction are often reported as associated conditions in men. The direction of the association is unclear: does sexual dysfunction contribute to the onset of depression or is it depression that influences sexual function? Some researchers have included depression and affective disorders as important factors in the complex etiology of erectile dysfunction (ED) (Smith, 1998; Barlow, 1986; Jacobs et al., 1983) , whereas others have stressed the role of ED in causing or exacerbating depressive symptoms (Shabsigh et al., 1998) , and still others have pointed out that ED and depression may reinforce each other (Mathew and Weiman, 1962; Munjack et al., 1981; Nofzingzer et al., 1993) . Almost all of these studies involved clinical series of patients with either ED or depression, and many did not use a control group.
Among the population studies of ED prevalence and risk factors, the Massachusetts Male Aging Study found that the prevalence of depressive symptoms-assessed using the Center for Epidemiologic Studies Depression rating scale (CES-D)-was linearly associated with the prevalence of ED (Araujo et al., 1998) . The association between depressive symptoms and ED was also observed in a population study in Belgium (Mak et al., 2002) . In the CrossNational Study of the Prevalence and Correlates of Erectile Dysfunction, we replicated these findings and also found an association between a history of diagnosed depression and ED (Nicolosi et al., 2003) . A survey on the prevalence of concomitant ED and active depression among 199 outpatients seen at medical practices in Pennsylvania found a not statistically significant association (Kantor et al., 2002) .
The possible role of ED as a risk factor for depression is suggested by the results of a few clinical trials. A German study of ED patients found that the frequency of self-reported depression (measured using the CES-D scale) was lower in the patients successfully treated with sildenafil than in those with untreated ED (Müller and Benkert, 2001) . In a UK multicenter study, both the ED-specific Quality of Life Measure and the Hospital Anxiety and Depression Scale showed responsiveness to changes in ED before and after treatment (MacDonagh et al., 2002) . These results suggest that ED is a risk factor for depression. On the other hand, the hypothesis that depression may be an important risk factor for erectile dysfunction is weakened by what was observed among the men of the Massachusetts Male Aging Study where, during the follow-up study, the presence of depressive symptoms at baseline was not a predictor of the incidence of ED (the odds ratio for the development of ED was 0.56 but not statistically significant) (Araujo et al., 2000) .
We have conducted a cross-national survey of the prevalence of ED, concomitant medical and psychologic conditions, and behavioral factors in randomly selected population samples (Nicolosi et al., 2003) , and would like to provide a contribution that may help to shed some light on the relationships between ED and depressive symptoms as mediated by sexual behavior and sexual satisfaction.
Methods

Population
The survey was carried out in Brazil, Italy, Japan and Malaysia (Nicolosi et al., 2003) . In each country, a random sample of 2700 households was contacted and approximately 600 men aged 40 -69 years were included in the final sample. The method of data collection varied on the basis of cultural considerations, being in-person interviews in Brazil, telephone interviews in Italy, self-completed questionnaires in Japan, and telephone and/or in-person interviews in Malaysia. The interview techniques were chosen with the aim of obtaining valid answers in the most suitable way for each country. The interviews were conducted between October 1997 and June 1998 using the same standardized questionnaire designed on the basis of suggestions coming from two focus groups held in each country. Each focus group was held with at least 30 men of the same age range of the target population. The group leader (one of the study's investigators) proposed each of the questionnaire's items to verify its acceptability, comprehension and correctness of phrasing. All items in the questionnaire had to be unanimously approved by the group. The questionnaire was translated, backtranslated and culturally adapted for each language, and collected information concerning the subjects' demographic, medical history, psychosocial profile, lifestyle habits and sexual behavior.
In order to study the relationship between sexual function, sexual activity and depressive status, the analysis was restricted to the men who reported having a stable sexual partner. Married men or men living with a woman were considered as not having a sexual partner if they did not report a sexual relationship with her. Also, since antidepressant drugs are suspected of affecting sexual function in men by inducing reduced sexual desire and arousal difficulties (Rosen et al., 1999; Ekselius and von Knorring, 2001) , men taking these and other medications acting on the central nervous system were excluded in order to remove a possible cause of confounding.
Definition of depressive symptoms, depression and use of psychoactive drugs
The presence of depressive symptoms was assessed using the CES-D scale, which has been shown to be a valid screening tool for detecting groups at high risk of depression at population level (Weissman et al., 1977) . We used a shortened scale with scores ranging from 5 to 20. The men whose scores fell into the upper quintile of the scale were classified as being affected by depressive symptoms. This cut-off was chosen with the conservative purpose of achieving a high specificity (other studies have used the upper quartile) (Mak et al., 2002) . The main analysis of our study was based on depressive symptoms, but we also collected information about depression, as a complementary and confirmatory finding. The diagnosis of depression was based on self-reports: each of the subjects was asked whether he had ever been diagnosed as having depression by a physician. Two questions were asked about the use of drugs acting on the central nervous system. The first question, posed in conjunction with the question about ever having had a diagnosis of depression, asked whether the interviewed man was currently taking antidepressant medications. The second question asked whether the interviewed individual was currently using hypnotic, sedative or antidepressant drugs (which we for convenience, although improperly (Goodman and Gillman's, 2001) , collectively called ''psychoactive'' drugs).
Definition of ED
On the basis of the United States National Institutes of Health and American Urological Association criteria (NIH Consensus Conference, 1993), ED was defined as ''the persistent inability to achieve and/or maintain an erection sufficient for sexual activity''. Each of our survey subjects was asked ''How would you describe yourself?'' and invited to choose one of four possible answers: ''Always/Usually/Sometimes/Never able to get and keep an erection good enough for sexual intercourse''. The subjects answering ''Always'' were classified as normal, whereas those answering ''Usually'' or ''Sometimes'' or ''Never'' were respectively classified as having ''mild'', ''moderate'' or ''complete'' ED. In the analysis, we conservatively focused on the men with ''moderate'' or ''complete'' ED, because the ''mild'' category may be a mix of men with intermittent situational problems or mild persistent ED.
Definition of other characteristics and conditions
The subjects were classified as being affected by a specific disease if they reported a physician's diagnosis or were taking medications for it. Prostate conditions included benign prostatic hyperplasia, a history of prostatitis, any prostate surgery and prostate cancer. Lower urinary tract symptoms were assessed by means of the International Prostate Symptoms Score (IPSS), and classified as absent or minor (IPSS V 7), moderate (8-19) or severe (20 -35) (Barry et al., 1992) . Smoking was defined as the smoking of cigarettes, cigars or a pipe, or the use of chewing tobacco, and the men were classified as non-smokers, former smokers or current smokers. Alcohol drinkers included all of the men who reported any drinking of wine, beer or spirits. The degree of physical activity was classified by the subjects as ''below average'', ''average'' or ''above average'' depending on the amount and frequency of physical activity at work and during leisure time. The men were asked whether they were satisfied with their sexual life and offered the choice of five answers: ''extremely satisfied'', ''rather satisfied'', ''neither satisfied nor dissatisfied'', ''somewhat dissatisfied'' and ''dissatisfied''. They were also asked whether the frequency of sexual intercourse with their partner corresponded to their desire, with the option to answer: ''I have no desire'', ''as desired'', ''less than desired'' and ''higher than desired''.
Statistical analysis
The replies to the completed questionnaires were double-entered into a computerized database to check for errors and analyze their internal consistency. De-pressive symptoms were analyzed (using the CES-D score) as a continuous variable in some analyses and as a dichotomous variable in the multivariate logistic analyis (with a cut-off point corresponding to the upper quintile).
The prevalences of all of the considered conditions were calculated by dividing the number of cases by the corresponding population. We used the chi square and the analysis of variance to test the difference between the categorical and continuous variables respectively (Fleiss, 1981; Neter and Wasserman, 1974) . The strength of the association between variables was estimated using odds ratios (Schlesselman, 1982) (OR) and their 95% confidence intervals (CI) (Woolf, 1955) . Logistic regression analysis was used to estimate the association between depressive symptoms and the other variables, while adjusting for the simultaneous effect of all of the variables in the model (Cornfield, 1962) .
Results
Of the 2417 men answering the question about ED, 1807 (75%) reported that they currently had a sexual partner. Ninety-eight of these were currently taking anti-depressant drugs and were excluded from the analysis. Almost half of the 1709 studied men were in their 40s, and the great majority were married or living with their partners (Table 1 ). The level of education was rather high (46% of the men had gone to high school or had university degrees). The prevalence of medical conditions was that expected in men of this age. More than 90% of the men reported having had sexual intercourse in the previous 6 months, and nearly 80% of them were ''rather'' or ''extremely'' satisfied with their sexual life.
The prevalence of men reporting a diagnosis of depression was 2%, but the prevalence of those presenting depressive symptoms (i.e. a CES-D score of z 9, corresponding to the upper quintile) was 21%. The prevalence of diagnosed depression and that of depressive symptoms did not show statistically significant variations with age at the bivariate analyses (performed by contingency tables, analysis of variance and correlation).
Most of the men (55.3%) aged 40 -49 years reported they could ''always'' achieve and maintain an erection sufficient for satisfactory sexual intercourse; after the age of 50, this proportion began to decline, and reached 22.1% among the men aged>60 Table 1 Characteristics of the population of the cross-national study of the prevalence and correlates of erectile dysfunction (1997 -1998) years. The proportion of men who could ''sometimes'' achieve and maintain an erection sufficient for satisfactory sexual intercourse was 9.1% in the 40 -49 year age group, 16.3% in the 50 -59 year age group, and 29.9% in the 60 -69 year age group. None of the men in the youngest age group could ''never'' achieve and maintain an erection, but the corresponding figures in the other age groups were 1.2% and 9.5%. In order to investigate the possible association between ED and depression, we first considered the relationship between the frequency of sexual intercourse and the degree of satisfaction with sexual life (Table 2 ). These were correlated in all age groups: in the youngest age group, the mean number of episodes of sexual intercourse per month was 12.7 among the ''extremely satisfied'' men and 5.7 among the ''dissatisfied'' men; the corresponding figures in the oldest age group were 7.5 and 1.9 (the differences were statistically significant: p < 0.0001).
The mean number of episodes of sexual intercourse per month reported by the men with moderate or complete ED was lower than that reported by the men without ED (33% lower in the youngest and 57% lower in the oldest age group) (Fig. 1) . When asked whether the frequency of sexual intercourse with their partner corresponded to their desire, 49.3% of the men with and 75.7% of those without ED answered that it did, and 29.7% and 15.9% declared that it was less than desired (14.9% of the men with and 1.6% of those without ED reported no sexual desire, whereas 6.1% and 6.7% complained that the frequency of sexual intercourse was more than desired).
The prevalence of depressive symptoms measured by the CES-D scores linearly correlated with the degree of sexual satisfaction. The mean CES-D score was 6.6 (standard deviation [SD] 2.0) among the extremely satisfied men, 7.0 (SD 2.3) among the rather satisfied men, 7.9 (SD 2.7) among the men who were neither satisfied nor dissatisfied, 9.1 (SD 3.3) among the somewhat dissatisfied men and 10.2 (SD 4.1) among the men who were dissatisfied. The differences between these groups was statistically significant with a p value of < 0.0001. Examinination of the mean CES-D scores by age group and ED status showed that the prevalence of depressive symptoms was higher in the men with ED (Fig. 2) . The differences in the CES-D scores between the men with and without ED was greater at younger ages: 41.3% among those aged 40 -49 years, 19.9% among those aged 50-59 years, and 18.0% among those aged 60-69 years ( p < 0.0001).
Diagnosed depression
Thirty-four men (2.0%) reported that they had been diagnosed as having depression and were not currently taking anti-depressive drugs. There were 23 (1.6%) men with depression among the 1405 without ED, and 11 (3.6%) among the 304 with ED. The odds ratio for depression was 2.3 (95% CI: 1.1, 4.7) among men with moderate or complete ED in comparison with the men without ED.
Out of the 34 men who reported to ever having received a diagnosis of depression, 16 presented with depressive symptoms (a CES-D score z 9) at the interview.
Factors associated with depressive symptoms
We investigated the association of depressive symptoms (a CES-D score z 9) with ED while controlling for the presence of other possibly associated factors and adjusting by country, using a logistic regression model (Table 3) . Depressive symptoms resulted associated with age at this multivariate analysis, with lower odds ratios in elderly men. There was an association between being single (OR 1.75) or widowed, separated or divorced men (OR 2.17). A positive association was also found with moderate or complete ED (1.81), heart disease (1.58) and smoking (1.62). There was an inverse association with the degree of physical activity (a 48% lower risk among the most active category) and the monthly frequency of sexual intercourse.
Discussion
The aim of this study was to determine whether sexual function, sexual satisfaction and depressive symptoms are inter-related. We studied random population samples from four different countries with very different socioeconomic and cultural backgrounds, factors which can influence the prevalence of depression (Gilman et al., 2002) , and were controlled in the analysis. The international context is a major element of the originality of this study because diversity, if controlled, adds to the validity of the results.
We considered only men who reported to have a stable sexual partner and not taking psychoactive medications in order to focus on the relationship between sexual function and depressive symptoms and avoid confounding bias. It is certain that crosssectional studies can suggest but not establish a temporal, cause -effect relationship. Nonetheless, we think that the results of this study are quite convincing in demonstrating an association between ED and depression.
The frequency of sexual intercourse was associated with sexual satisfaction in our population, and it is reasonable to interpret this result as meaning that sexual satisfaction is a consequence rather than an antecedent of sexual activity. We also found that the prevalence of depressive symptoms inversely correlated with the degree of sexual satisfaction. The association of sexual satisfaction with depressive symptoms had a linear trend suggesting a ''dose -response'' relationship (i.e. the less the satisfaction, the more severe the depressive symptoms, and vice versa).
If these associations are true, the potential influence of ED on depressive symptoms is a consequence. The frequency of sexual activity among men with ED is lower than that among men without ED, a finding that has also been documented elsewhere (Koskimaki et al., 2000) . Although a proportion of men with ED seems to cope with this limitation by adjusting their expectations (15% of our respondents with ED reported no desire for sexual intercourse with their partners), the majority experience fewer episodes of sexual intercourse than desired. This situation generates dissatisfaction with their sexual life, a possible sense of frustration, and may eventually lead to the development of depressive symptoms. This conclusion is supported by our observation that, among the men with ED, the prevalence of depressive symptoms was higher among younger men; i.e. those with a greater expectation of a normal and healthy sexual life.
The multivariate analysis, in which the independent associations between depressive symptoms and each variable were studied while controlling for the presence of concomitant risk factors and the country of residence, confirmed that ED is a predictor of a depressed status in men. In the course of the analysis, different models have been elaborated. In a model which did not include the frequency of sexual intercourse, the odds ratio of ED was higher than that reported in Table 3 , because ED is associated with a lower frequency of sexual intercourse. The fact that ED is correlated with depressive symptoms even after controlling for the frequency of sexual intercourse suggests that this condition has a deeper impact on men's psychological status than just its physical consequences.
Depressive symptoms showed an association with age in the logistic regression, in contrast to the bivariate analysis. The age prevalence of depression and depressive symptoms is an open research topic, more in women than in men (Bebbington et al., 1988) . Among men, it seems that two peaks exist in the prevalence of major depression, one in late old age and the other in middle age or earlier (Snowdon, 2001) . Self-reported depression symptoms show the highest prevalence among the youngest and the very old (>75 years) (Karel, 1997; Molarius and Janson, 2002; Daradkeh et al., 2002) . The negative association with age that we found in our study was the result of a multivariate model which considered other concomitant factors besides age. Also, the prevalence of depression in this study is not representative of the population since more than one half of the men with a history of diagnosis of depression was removed from the analysis because they reported the use of antidepressant drugs.
The development of depressive symptoms may be due to many reasons, and we by no means want to suggest that ED is its main causal factor. Family, social and environmental factors, health status, and even genetic factors may all be involved. The influence of heart disease on depression and ED has been demonstrated in other studies (Goldstein, 2000; Roose and Seidman, 2000) . Smoking and low levels of physical activity have been described as being more frequent among depressed than non-depressed subjects (Frerichs et al., 1981; Giovino et al., 1995; Allgower et al., 2001; Strawbridge et al., 2002) . Both factors are also known to be associated with ED (Bacon et al., 2001 ). The psychological support provided by the family has been described in a number of studies (Robins and Regier, 1991) showing that people who have never been married and those who have experienced bereavement are at special risk for depression. The fact that our study confirms previously known associations is reassuring about the validity of its original findings.
In conclusion, the association between depressive symptoms and impaired sexual function has been previously observed. The originality of our study lies in the fact that it was based on a random population sample drawn from different countries, and in that we were able to demonstrate that depressive syptoms are linked to ED by the mediation of decreased sexual activity and the dissatisfaction generated by the inability to have a healthy sexual life. This suggests a causal association. Since these inferences were drawn from a cross-sectional study, further research is needed to confirm the temporal sequence between ED and depressive symptoms.
